ataxins (ATXN).
A recent connection between cilia and cerebellar ataxia was suggested because CEP290 copurified with the proteins NPHP5, another ciliopathy protein, and ataxin10, which itself was homozygously mutated in a patient with Joubert syndrome (Sang et al., 2011) . Further supporting the connection, the authors find that SCA11-associated variants of TTBK2 do not rescue cilia formation in Ttbk2 bby fibroblasts and interfere with ciliogenesis in wild-type cells in a dominant negative fashion. Provocatively, several SCAs show additional phenotypes characteristic of ciliopathies, including retinal degeneration. It may be productive to examine whether other ataxias are linked to cilia.
Cilia are present in almost all regions of the brain, frequently near ventricles where they may receive hormonal signals from the soma or elsewhere in the brain. Only a few specific signaling molecules, notably GPCRs like the somatostatin receptor SSTR3, have been found in cilia (Berbari et al., 2008) . Although failures in specific endocrine receptors would be expected to lead to subtle endocrine or sensory defects, the absence of some receptors may create sensitivity to excitotoxic neural cell death, causing progressive loss of neural tissue in adult life. Adult defects can be subtle or inconsistent, making consistent syndromic presentation hard to define. Cerebellar defects, linked to ataxias, are the most identifiable defects linked to cilia, but a much broader group of neurodegenerative disorders linked to ciliary loss may be hiding in the complexity of human variation and limited diagnostics. Indeed, cilia may protect from a number of neurodegenerative diseases. It may be a good time for neurologists to dig deeper into cilia and the molecular pathways explaining ciliopathies to find explanations for other neurodegenerative diseases.
The nuage is a hazy electron-dense structure unique to germ cells and is enriched in components of the piRNA pathway. Although the nuage is cytoplasmic, Zhang et al. now show that it is organized by an intranuclear protein, UAP56.
The nuage (from the French word meaning cloud) is a hallmark of the germline cytoplasm in diverse organisms. Recent studies have revealed the steps of nuage assembly and its role in posttranscriptional silencing of transposons via the Piwi pathway (Voronina et al., 2011) . In Drosophila, nuage assembly is hierarchical with Vasa, a DEAD box RNA-dependent helicase required for germline development and piRNA biogenesis, at the apex (Figure 1 ). Vasa is required for nuage localization of Tudor and Tudor-domain-containing (Tdrd) proteins such as Partner of Piwi (Papi), which then recruit Piwi proteins Aubergine (Aub) and Ago3 by binding to their symmetrically dimethylated arginine residues (Harris and Macdonald, 2001; Liu et al., 2011; Malone et al., 2009; Nishida et al., 2009 ). Thus, Tudor and Tdrd proteins might serve as a platform for the assembly of piRNA biogenesis pathway components, including those for ''ping-pong amplification.'' To this mix of cytoplasmic players, Zhang et al. (2012) now reveal an unexpected role for a nuclear protein, UAP56, in nuage assembly.
The nuage is a likely site of transposon RNA degradation that leads to transposon silencing. Recent studies show P-body components in the nuage interact with the piRNA pathway. For example, the Trail/Me31B complex physically interacts with Tudor, Papi, and Ago3 in the nuage and is involved in silencing the expression of some transposons (Liu et al., 2011) (Figure 1 ). P-body proteins are also involved in mRNA processing and degradation. Because the piRNA machinery regulates transposon silencing by reducing the level of transposon mRNAs, this physical interaction might allow them to work together in the nuage as a posttranscriptional mechanism to degrade transposon mRNAs, leading to transposon silencing.
Moreover, recent studies implicate a mechanism for anchoring the nuage to nuclear pores. The Trail/Me31B complex in the nuage interacts with Cup (Wilhelm et al., 2005) , which also associates with the nuclear pore complex component Nup154 (Grimaldi et al., 2007) . Therefore, the nuage attaches to the nuclear envelope possibly through these interactions.
Thus, a mechanistic framework, whereby the nuage as an autonomously assembled structure receives and processes piRNA precursors and transposon RNAs from the nuclear pores, is emerging. The findings of Zhang et al. (2012) reveal an extrinsic control of nuage assembly and function that comes from the nucleus.
Central to this extrinsic control is a nuclear protein called UAP56. UAP56 is a ubiquitously expressed DEAD box protein involved in splicing and mRNA export (Gatfield et al., 2001) . Zhang et al. (2012) observe that a weak uap56 mutant is defective in asymmetric localization of RNA in developing oocytes, similar to the phenotype of certain piRNA biogenesis mutants. Immunofluorescence labeling reveals that UAP56 is enriched in discrete foci in the nuclei of nurse cells transcriptionally active germline cells that provide the oocyte with most of the molecules needed for its development. Remarkably, 98.4% of the UAP56 foci colocalize with the foci of Rhino, an HP1 homolog previously shown by the same lab to bind to a piRNA precursor-encoding locus, a.k.a. a piRNA cluster (Klattenhoff et al., 2009 ). In contrast, UAP56 is dispersed and no longer colocalizes to the Rhino foci in the transcriptionally silent oocyte, suggesting this colocalization requires active transcription and/or nascent transcripts from piRNA clusters. Because Rhino is required for transposon silencing and piRNA production from germline-transcribed piRNA clusters, this colocalization offers the initial support for a role of UAP56 in piRNA biogenesis.
Remarkably, the nuclear Rhino-UAP56 foci are mostly juxtaposed to the nuage on the cytoplasmic side of the envelope, sandwiching the immunofluorescence signals of the nuclear pores. Given the known electron microscopic and molecular data on the association of the pore complexes with the nuage, it is reasonable for the authors to conclude that the Rhino-UAP56 foci are associated with the pores despite insufficient signal resolution. Moreover, uap56 mutations disrupt the localization of Vasa, Aub, and Ago3 to the nuage, revealing the importance of UAP56 as an upstream requirement from the nucleus for nuage assembly.
To assess the consequence of disrupted UAP56-dependent nuage assembly, the authors examine the uap56 mutants for potential defects in genome integrity, gene expression, transposon silencing, and piRNA biogenesis. They find that gH2Av foci, indicative of DNA breaks, are significantly increased in both nurse cells and oocytes in the mutants. Moreover, in uap56, vas, and rhi mutants, all 11 examined transposon families show significant overexpression of their RNAs, whereas protein-coding mRNAs remain unchanged. This observation lends further support to the authors' previous claim that Rhino and Vasa represent a mechanism that selectively degrades transposon RNAs, but not mRNAs, and adds UAP56 to this mechanism (Klattenhoff et al., 2009) .
It is not surprising that this mechanism is involved in piRNA biogenesis. In rhi, uap56, and vas mutants, the production of piRNAs and their precursors encoded by the germline, but not somatic clusters, are severely reduced. Strikingly, UAP56 binds to germline piRNA precursors, with little binding to mRNAs and none to somatic piRNA precursors that are expressed in follicle cells. This indicates The model depicts the integration of piRNA biogenesis and RNA surveillance machinery spanning the nuclear envelope. In the cytoplasm, Vasa organizes the nuage by recruiting Tudor and Papi, which bind Aub and Ago3 via their symmetrically dimethylated arginine residues. Interactions between Vasa, the Tral/ Me31b complex, Cup, and Nup154 serve to anchor the nuage to the nuclear pore. In the nucleus, nascent piRNA precursors from the germline-expressed dual-strand clusters associate with UAP56, which is tethered to the piRNA clusters via nascent RNA precursors. Rhino-UAP56 nuclear foci connect through the nuclear pore with the nuage, where both piRNA precursors and mature transposon RNAs with piRNA complementarity are recognized by the perinuclear ''ping-pong'' machine and degraded. mRNAs, even with piRNA complementarity within introns, can survive nuage surveillance without being degraded because piRNA homology has been removed by splicing.
that UAP56 promotes the transcription and/or the stability of the presumably nascent germline piRNA precursors by directly binding to them, before their entry into the ''ping-pong'' cycle. This finding also nicely explains the colocalization of UAP56 with Rhino at piRNA-producing foci. Thus, discrete nuclear foci representing piRNA clusters bound by Rhino and UAP56 are connected to the nuage via the nuclear pore complexes, forming an integrated nuclear envelope-spanning machinery for efficient piRNA biogenesis and transposon RNA degradation (Figure 1) . piRNA precursors, including transposon RNAs, would be effectively directed from transcriptional sites to the nuage for processing into mature piRNAs. At the same time, mRNAs that do not have a piRNA sequence tag would be screened and moved through this gate without degradation.
Overall, the report by Zhang et al. (2012) has provided an expanded framework to address nuage assembly and function. Some important questions still remain to be addressed. For example, is UAP56 directly linked to the nuclear pore complex or does it regulate Vasa via a pore complex-independent pathway?
What are other molecules in the nuage that complement the Rhino-UAP56-mediated mechanism to achieve the complete spectrum of piRNA biogenesis and transposon silencing? More broadly, what are other functions of the nuage beyond piRNA biogenesis and transposon silencing? How well is assembly and function of the nuage conserved among different species and between the sexes, given that such differences are known to exist? The advent of more powerful genomic, proteomic, and superresolution imaging approaches should hopefully lift the cloud of mystery off the nuage in the foreseeable future.
